Objective: Open surgical tracheotomy (OST) and percutaneous dilatational tracheotomy (PDT) are commonly used for securing airway in intubated critically ill patients. The purpose of this study was to compare the safety of OST and PDT, particularly in intubated critically ill patients. Methods: The medical records of intubated critically ill patients who underwent tracheotomy between August 2006 and July 2017 were analyzed retrospectively. Minor and major complication rates were compared according to the tracheotomy technique. Preoperative intubation time, postoperative decannulation time, reason for hospitalization, and demographic data, including the Acute Physiology and Chronic Health Evaluation (APACHE II) and Sequential Organ Failure Assessment (SOFA) scores, were evaluated. Results: A total of 332 cases were enrolled into the study. The minor and major complication rates for both techniques were 27.2%, 8.8%, 9.7% and 3.2%, respectively. Minor and major complication rates were higher in the OST group (p=0.01, p=0.03, respectively). The rate of every single complication was also compared on groups' basis. Accidental decannulation (p=0.02) and pneumothorax (p=0.05) were found to be significantly frequent in the OST group. There was no impact of the preoperative intubation time on the minor (p=0.20) and major complication (p=0.29) rates found. There was no statistically significant difference regarding the postoperative decannulation time (p=0.32). Also, there was no statistically significant difference between two groups in terms of the APACHE II (p=0.69) and SOFA (p=0.37) scores. However, a statistically significant difference between the groups in terms of overall survival was found, in favor of PDT (p<0.001). Conclusion: This study revealed that PDT is safer than OST, particularly in intubated critically ill patients.
Introduction
Open surgical tracheotomy (OST) is one of the oldest surgical interventions used in the upper airway insufficiency. The oldest known text describing tracheotomy is an ancient sacred Hindu book called the Rig Veda, dating back to 2000 BC. Nevertheless, the tracheotomy statement was first defined by Lorenz Heister in 1739 (1) . Currently, common indications for tracheotomy are upper airway insufficiency (UAI) and prolonged intubation (PI) (1, 2) . In the past, infections of the upper airway (diphtheria, epiglottitis, etc.) causing UAI were the leading indications. But nowadays, PI became the main indication because of current treatment modalities for head and neck infections and common use of mechanical ventilation (3).
Although OST dates back to distant past, it was popularized in the 19th century. On the contrary, percutaneous dilatational tracheotomy (PDT) (4), which was initially described by Ciaglia et al. (5) in 1985, has a quite short history. However, PDT has gained a great interest and has been widely performed, especially in intensive care units (ICU), in the past three decades (6) .
Open surgical tracheotomy and PDT have same indications, such as the upper airway obstruction, maxillofacial procedures, weaning from CPAP in respiratory failure/prolonged ventilation, and preventing aspiration in patients with a compromised cough reflex (7, 8) . Besides, each tracheotomy technique has its own advantages and disadvantages with regard to some factors, such as the timing of procedure, size of incision, amount of dissection, and type and rate of complications (1) . Concerning safety, type and rate of complications come to the forefront.
The purpose of this study was to find out which tracheotomy technique is safer, especially in critically ill intubated patients in the ICU. For this reason, minor and major complication rates of OST and PDT in intubated critically ill patients were evaluated. We also evaluated the preoperative intubation time (PIT), postoperative decannulation time (PCT), reason for hospitalization (RfH), and demographics including the Acute Physiology and Chronic Health Evaluation (APACHE II) and Sequential Organ Failure Assessment (SOFA) scores for any possible impact on complication rates.
Methods
This study was approved by the Ethical Committee of Manisa Celal Bayar University (approval protocol number: 09/09/2015.20478486-349). It was designed as a retrospective cohort study. Thus, no written informed consent was obtained from the patients. Power analyses predicted a sample size of 195 patients with a power of 95% and the effect size of α2=0.05.
Study population
The files of 423 intubated critically ill patients who underwent OST or PDT from August 2006 to July 2017 were analyzed. Nighty-one cases with malignant neoplasms of the upper aerodigestive tract were excluded. Hence, a total of 332 suitable cases were enrolled into the study.
Complications and influential factors
Gender, age, RfH, indication for tracheotomy, PIT, PCT, and complications (minor and major) were determined in the first stage of the study. Patients with a PIT of <7 days were classified as "early tracheotomy," while patients with a PIT of >7 days were classified as "late tracheotomy." The APACHE II, SOFA score, and the rate of expected mortality of each patient were calculated at the beginning of the ICU admission. In addition, the SOFA and Glascow Coma Scale (GCS) scores before the operation were also noted.
Minor complications were categorized as the following: (i) accidental decannulation, (ii) subcutaneous emphysema, (iii) wound infection, (iv) hemorrhage, and (v) keloid formation. Major complications were categorized as (i) accidental decannulation with airway compromise, (ii) pneumothorax necessitating chest tube, (iii) hemorrhage requiring surgery, (iv) tracheomalacia, (v) esophagotracheal fistula, (vi) fistula of the tracheoinnominate artery, and (vii) death caused by tracheotomy (cardiac or respiratory arrest during procedure).
Tracheotomy procedures
All OST procedures were performed at the operating theater, whereas PDTs were performed at bedside in the ICU. In all patients who underwent OST, after the incision and dissection of the strap muscles, a tracheal flap having an inferior base was prepared between the 2nd and 3rd tracheal ring and favorably sutured to the skin to enable an emergent recannulation in case of accidental decannulation. The PDT was performed by a percutaneous tracheotomy kit (GRIGGS, Portex, Smiths Medical, Ashford, United Kingdom) as described by Griggs et al. (9) . A horizontal skin incision was done below the level of the cricoid cartilage. Thereafter, a mosquito clamp was used to separate the strap muscles to palpate the trachea through the incision. Then, the tracheal lumen was penetrated between the 2nd and 3rd tracheal rings with a needle followed by a guide-wire placement. Finally, gradual dilatation with a tracheal dilating forceps was done, and a tracheotomy cannula was placed into the tracheal lumen. Bronchoscopy was not used routinely during the PDT, except in cases where there was a concern with regard to the place and the level of the needle and/or guide-wire.
Statistical Analysis
Each individual complication rate and the overall minor and major complication rates of both groups were analyzed. The APACHI II, SOFA score, and GCS of each group were also compared. The data were presented as the mean ± standard deviation (SD), and the distribution was evaluated by the Shapiro-Wilk test. Data comparison was done by the two-sample t test or Mann-Whitney U test with respect to the results of the normality test (Kolmogorov-Smirnov). The Kaplan-Meier test was used for survival analyses. The log rank (Mantel-Cox) was used for comparison of the overall survival in terms of the tracheotomy technique. Statistical significance was defined as p<0.05. The Statistical Package for the Social Sciences (SPSS) Version 21.0 (IBM Corp.; Armonk, NY, USA) was used for statistical calculations.
Results

Descriptive statistics
A total of 332 cases were included in the study. A hundred and fourteen cases (55 females, 59 males; mean age±SD, 47.66±24.09) underwent OST at the operating room, whereas the remaining 218 patients (113 females, 105 males; mean age±SD, 58.26±15.22) underwent PDT at bedside. The age distribution demonstrated a statistically significant difference between the PDT and OST groups (p<0.001).
Two principle indications for tracheotomy were UAI (27 patients, 8.2%) and PI (305 patients, 91.8%), and the RfH in patients who had tracheotomy due to PI and UAI are demonstrated in Table 1 . scores and percentage of expected mortality was found to be abnormal (p<0.05) for the initial as well as for the data before the operation. Thus, the Mann-Whitney U test was applied to compare these parameters for both groups. No statistically significant difference in terms of the APACHE II (p=0.69) and SOFA (p=0.37) scores was found between the OST and PDT at the time of admission. Again, no statistically significant difference in terms of the SOFA (p=0. 19) score was found at the time of operation. There was also no statistically significant difference found in terms of the expected mortality on the group basis (p=0.60).
The mean GCS just prior to surgery for OST and PDT were 9.68±2.80 and 9.32±2.97, respectively. The distribution of both was found to be abnormal (p<0.05), thus the Mann-Whitney U test was applied for comparison. No statistically significant difference in terms of GCS (p=0.28) was found for the tracheotomy technique.
Timing of tracheotomy, preoperative intubation, and PCT
In the OST and PDT group, the mean PIT was 10.10±6.33 days (range 2-42 days) and 12.20±6.59 days (range 1-46 days). The distribution of patients according to the timing of tracheotomy was 86 "early tracheotomies" (45 PDT and 41 OST) and 246 "late tracheotomies" (173 PDT and 73 OST). Normality values for PIT and PCT was calculated by the Shapiro-Wilk test. The distribution of both was found to be abnormal (p<0.05). Thus, the Mann-Whitney U test was applied to compare these parameters for both groups. No statistically significant difference concerning the PCT (p=0.32) between the OST and PDT groups was determined. The mean duration of PCT was 170.27 days for PDT and 159.29 days for OST. The PIT was significantly higher in the PDT group when compared with the OST group (p<0.001).
Minor and major complications
The minor complication rates for the OST and PDT group were 27.2% and 8.8%, whereas the major complication rates were 9.7% and 3.2%, respectively. Minor and major complication rates were significantly higher in the OST group when compared with the PDT group (p=0.01, p=0.03, respectively). However, a vast majority of the minor and major complications except accidental decannulation and pneumothorax were not found to be significantly high when analyzed individually. There was no predominance of any major complication on the group basis, but hemorrhage was the most frequent minor complication in both groups (Table 2 ). In addition, no statistically significant difference was determined between early and late tracheotomies in terms of the overall minor (p=0.29) and major (p=0.20) complication rates. Moreover, the individual comparison of each complication also did not demonstrate any statistically significant difference in terms of timing (Table 3) .
Two esophagotracheal fistulae cases had occurred in each group (Table 3 ). In the PDT group, the first case was a 78-year-old woman with chronic obstructive pulmonary disease having cough associated with eating, and saliva and gastric content excretion from the tracheotomy site. These symptoms appeared one month after the PDT. Diagnosis of an esophagotracheal fistula was confirmed on the 10th day of symptoms. The second case was a 69-year-old woman with head injury, which manifested relevant symptoms two months after PDT, and the diagnosis was confirmed in two weeks. In the OST group; the first case was a 27-year-old man with maxillofacial trauma having relevant symptoms on the 23rd day of PDT. The definitive diagnosis was confirmed in two weeks. The second case in the OST group was a 50-year-old woman with a cerebrovascular disorder having symptoms the third week following OST, and the diagnosis was confirmed in 10 days. In all four cases, the diagnosis was confirmed by 3D computed tomography and bronchoscopy. Tracheomalacia was seen only in a 35-year-old man with a head injury, who underwent PDT. In this case, inspiratory stridor and dyspnea were seen following decannulation after six months of cannulation. The diagnosis was confirmed by bronchoscopy.
Overall survival and duration of ICU hospitalization
In the OST and PDT group, the observation time was 241.83±168.23 (range, 1-848 days) and 375.01±187.49 (range, 38-850 days), respectively. The overall survival rates for OST and PDT were 71.1% and 79.4%, respectively. The log rank (Mantel-Cox) test was used for the comparison of the overall survival rate between the groups, and it was found to be significantly high in the PDT group (Figure 1) (p<0.001) . The distribution of duration of ICU hospitalization was abnormal (p<0.05), so Mann-Whitney U test was used for comparison between groups. The mean duration of ICU hospitalization was 172.60 days for the patients who underwent PDT and 154.84 days for OST. There was no statistically significant difference between OST and PDT in terms of the ICU stay (p=0.11).
Discussion
In concordance with the literature, the majority of our tracheotomy cases consisted of patients with PI (91.8%). Cardiovascular diseases and cerebrovascular disorders were the leading RfH in both the OST and PDT groups (Table 1) . This is also concordant with similar studies (10, 11).
There have been many researchers evaluating the safety of tracheotomy techniques; however, there is still no consensus on the overall superiority of any technique (4, 7, 8, 11, 12) . Indeed, OST and PDT have some advantages and disadvantages in different aspects, such as the timing of procedure, size of incision, amount of dissection, and complication rates. As a matter of fact, the complication rate is the most important factor in deciding the type of tracheotomy technique. In this study, the overall complication rate was 17.4% (58/332) irrespective of the tracheotomy technique. Both the minor and major complication rates were significantly higher in the OST group (p=0.01 and p=0.03). It is noteworthy that this difference may be related to the decision-making process concerning the type of tracheotomy technique, which is the blind side of this study like other retrospective studies. In our institution, decision on the tracheotomy technique for intubated patients was taken by the intensivists who roughly consider some patient-related risk factors, such as obesity, short neck, goiter, etc. Thus, this might have led to a patient selection bias. But, concerning the relevant literature, we did not find any previous study showing a relationship between these patient-related risk factors and complication rates for any tracheotomy technique, particularly in intubated patients. Nevertheless, to overcome these potentially confounding factors, we also evaluated the APACHE II and SOFA scores, which are known to be the predictors of the prognosis and overall survival. But, we did not find any statistically significant difference between these scores on the group basis. On the other hand, survival analyses revealed a significantly important difference in favor of PDT (Figure 1 ). Some researchers classify the complications with respect to the "time of tracheotomy" as short term and long term. For instance, Gysin et al. (13) reported an increased incidence of short-term complications along with decreased long-term complications for PDT. On the contrary, we did not classify the complications with respect to the time of tracheotomy, because, to make an implication about the safety of any tracheotomy technique, the ultimate complication rates should be considered rather than the timing of procedure. In this study, along with complication rates as a whole, all specific complications were also analyzed independently. As a result, a statistically significant difference was only detected for minor decannulation (OST, 6.1%, and PDT, 1.4%; p=0.02) and pneumothorax (OST, 1.8%, and PDT, 0%; p=0.05) ( Table 2) . In previous studies, the incidence of accidental decannulation and pneumothorax was reported to range between 0.5% and 15% (8, 2, 14) and 0% and 17% (15-18), respectively. Halum et al. (2) reported the incidence of pneumothorax as 0.2% in their multi-institutional study; however, they did not give any information concerning the impact of the tracheotomy technique. Delaney et al. (15) reported that PDT was superior to OST in terms of the wound infection and overall mortality, and they suggested that PDT should be considered the technique of choice for critically ill patients. Pappas et al. (18) , in their meta-analyses, found no consistent evidence in favor of any technique.
Tracheoinnominate artery fistulae were not seen in any of our cases. Documented risk factors for this lethal and rare complication are utilization of cannulas with a high-pressure cuff, direct trauma by the cannula due to an extreme head tilt, and low surgical level (19) . The lack of this complication in the current research may be due to the selection of cannulas with high-volume low-pressure cuffs (Cuffed Flex D.I.C Tracheostomy Tubes, Smiths Medical, Ashford, United Kingdom), which have been used in our institution as previously reported (1).
In the literature, the relationship between the timing of tracheotomy and complications in intubated critically ill patients was reported only for PDT. Möller et al. (20) and Flaatten et al. (21) evaluated the role of PIT on the incidence of particular complications and long-term outcome in patients who underwent tracheotomy at the ICU. However, they did not compare them separately as OST and PDT. Unfortunately, any definition of early/late tracheotomy was debatable. However, a vast majority of authors accepted a cut-off date on the 7th day of intubation (22) (23) (24) ; therefore, we also postulated the yardstick as the 7th day. In this study, the OST and PDT groups were compared in terms of PIT for the first time in literature. The PIT was significantly lower in the OST group. This finding might have been the underlying reason for the statistically significant difference of complication rates between PDT and OST groups. But, when we compared the complication rates according to the timing of tracheotomy, we did not find any statistically significant difference (Table 3) . However, considering the relevant literature, early tracheotomy is correlated with an earlier ICU discharge, shorter duration of mechanical ventilation, and decreased time of overall hospitalization (23) (24) (25) . Besides, the frequency of minor and major complications has not been evaluated separately with respect to timing of tracheotomy in the previous studies. In this study, we revealed that both the minor and major complication rates were relatively high in the early tracheotomy group, but this difference was not statistically significant (Table 3 ). In brief, we found that the timing of tracheotomy had no effect on complication rates, which was contrary to some previous studies (22, 25) . This fact may be attributable to two reasons: (i) Tubes with conical shaped cuffs were used in whole study population; (ii) the cuff pressure was measured and tuned up every 6 hours in all patients throughout the preoperative period.
Conclusion
Concerning critically ill intubated patients, minor and major complication rates were found to be significantly higher in OST when compared to PDT. Minor hemorrhage was found to be the most frequent minor complication of both tracheotomy techniques, whereas no predominance of any major complication was found. The risk of accidental decannulation and pneumothorax were significantly higher in the OST group. The timing of tracheotomy did not increase the complication rates in OST and PDT. The APACHE II, SOFA scores, and expected percentage of mortality in both groups were not statistically different, but the overall survival rates in both groups were found to be significantly different in favor of PDT. Considering these findings, PDT seems to be safer than OST, particularly in critically ill intubated patients. 
